Objective: The aim of this study was to determine the effect of DRIs on hot flash symptoms in menopausal women.
H ot flashes occur in approximately 75% of menopausal women in Western countries and are the main reason women entering menopause seek treatment. They are thought to be due to thermoregulatory dysfunction caused by estrogen withdrawal and initiated at the level of the hypothalamus. 1 Hot flashes have been shown to critically affect quality of life, including work ability, social life, daily activities, and the perception of health. In one study hot flashes were correlated with an exacerbation of other symptoms, such as depression, insomnia, and joint pain. 2 Although hormone therapy (HT) is the most effective treatment for the relief of hot flashes to date, evidence suggests that long-term use of HT may increase the risk of developing certain medical disorders. The data from the Women's Health Initiative showed an increased risk of coronary heart disease, stroke, pulmonary embolism, and breast cancer with estrogen + progestogen therapy (conjugated equine estrogens + medroxyprogesterone acetate) after a mean of 5.2 years of follow-up. 3 Estrogen+ progestogen therapy was associated with a 24% increased risk of coronary heart disease. 4 Thus, safe and effective alternatives are needed. Recently interest has arisen in isoflavones as a potential therapy for menopausal hot flashes.
Isoflavones are one of several classes of phytoestrogens, compounds that exert both estrogenic and antiestrogenic properties. Daidzein and genistein are isoflavones that are found in rich supply in soybeans and soy products. Available data on isoflavones for the treatment of menopausal symptoms have been inconclusive; studies with positive results have reported only a slight improvement. Nonetheless, there are no studies showing harmful effects of isoflavones on menopausal symptoms. This inconsistency may, in part, be due to differences in methods used to isolate isoflavones, concentrations of bioavailable isoflavones, and the composition of isoflavones used. In this study we used an isoflavone-rich supplement made from soy germ. The supplement is rich in daidzein, a precursor of equol, which also has estrogenic properties.
In our nonrandomized, open-label pilot study, we found that 40 to 60 mg of daidzein-rich isoflavone aglycones (DRIs) improved the hot flash composite score (hot flash frequency Â hot flash severity) by 54% at 8 weeks. 5 In the present study we conducted a randomized, double-blind, placebo-controlled study to evaluate the changes in menopausal symptoms in response to DRI intake of 40 or 60 mg/ day for 12 weeks.
METHODS
Two hundred thirty-five women were recruited from referring physicians in the Beth Israel Deaconess Medical Center and from newspaper advertisements. Of those, 191 women met inclusion criteria and were randomized. The inclusion criteria were being postmenopausal with no menses for at least the previous 6 months, between the ages of 38 and 60, and experiencing hot flashes four or more times per day but 15 times or less per day. Women were excluded if they were active smokers (more than one pack of cigarettes per day); had taken dietary supplements containing soy isof lavones, vitamin E, flaxseed, or red clover within the past 6 weeks; or were on HT or any medications for treatment of hot flashes (clonidine, selective serotonin reuptake inhibitors) within the past 6 weeks. Women were also excluded if they had a body mass index greater than 40 kg/m 2 ; had a history of breast, endometrial, or cervical cancer; had a positive pregnancy test; or had a history of undiagnosed abnormal vaginal bleeding, thromboembolic disease, cardiovascular disease, liver or kidney disease, diabetes mellitus, or other major illnesses. The Institutional Review Board of the Beth Israel Deaconess Medical Center approved the study protocol, and all participants gave written informed consent.
The study took place over 13 weeks in an ambulatory care setting. At the initial visit a detailed medical history and a menstrual and menopausal history were completed. A physical examination including height, weight, and breast and pelvic examinations was performed. Blood was obtained for hematology (complete blood count) and serum chemistries (aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, bilirubin, blood urea nitrogen, creatinine, glucose, and electrolytes). Urine was obtained for a pregnancy test. The Menopause-Specific Quality of Life Questionnaire 6 and a questionnaire on current soy intake were completed. The Menopause Quality of Life summary score was calculated. Women were then instructed to record their hot flash frequency and severity in a provided daily diary for the duration of the study. Using a 10-point scale (1 = mild to 10 = very severe), women recorded hot flash severity twice per day (the average severity of hot flashes experienced during the morning and again in the evening) and an approximate number of hot flashes for the entire day. The 10-point severity scale was first translated into a 4-point scale (1, 2, 3 = 1; 4, 5, 6 = 2; 7, 8, 9 = 3; 10 = 4) . Daily hot flash composite scores (average hot flash severity Â hot flash frequency) were also averaged to produce a single baseline score for each participant. 7 The women were not given any supplements during this 1-week run-in period.
At the second visit women returned their run-in week hot flash diaries, and those who fulfilled the entry criteria were included. Blood was obtained for baseline fasting total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and isoflavone levels. In addition, several hormone levels were measured, including estradiol (third-generation estradiol enzyme immunoassay), luteinizing hormone, follicle-stimulating hormone, sex hormoneYbinding globulin, estrone, insulin, leptin, thyroid-stimulating hormone, thyroglobulin, free and total triiodothyronine, and free and total thyroxine. All hormone levels were measured by enzyme-linked immunosorbent assays (Diagnostic System Laboratories, Inc, Webster, TX).
Extraction and analysis of isoflavonoids as aglycones from serum samples after enzymatic hydrolysis of conjugates followed a previously applied high-performance liquid chromatography protocol with modifications. 8, 9 In brief, 1 mL of plasma equilibrated to room temperature was mixed with 250 KL of 1 M NH 4 Ac buffer, 10 KL of Aglucuronidase (10 U/mL), 40 KL of arylsulfatase (5 U/mL), and 50 KL of estriol as internal standard, and the mixture was incubated at 37 o C for 16 hours. After addition of 100 KL of glacial acid, the sample was extracted with 5 mL of hexane to remove fat content. The remaining sample was extracted three times with 2 mL of diethyl ether. The diethyl ether extracts were combined and evaporated to dryness under nitrogen gas, and the residue was redissolved in 100 KL of methanol/water (80:20, vol/vol). After centrifugation, 25 KL of clear sample supernatants was injected into the high-performance liquid chromatography system. The reverse-phase high-performance liquid chromatography system (Waters 2695 Separation Module) with 2996 Photodiode Array Detector and a C18 reverse-phase column (Phenomenex Ultremex 5, 250 Â 4.6 mm) were used.
A second menopause quality of life questionnaire was also completed at the second visit. All women were then randomized to placebo or 40 or 60 mg of a DRI every morning. This DRI (AglyMax, Nichimo Co, Ltd, Shinagawa, Tokyo, Japan) is a concentrated isoflavone product prepared from soybean germ fermentation with Koji fungus (Aspergliius awamori), producing A-glycosidase efficiency, followed by ethanol and water extraction and purification using a proprietary extraction procedure. The product is rich in daidzein (70% daidzein, 10% genistein, and 20% glycitein). The women were instructed to take a single soft-gel capsule daily that contained either 0 (placebo), 40, or 60 mg.
Women returned to the clinic after 4, 8, and 12 weeks on the supplement. At each visit women completed the Menopause-Specific Quality of Life survey, hot flash diaries were reviewed, and vital signs and adverse events were monitored. Blood samples were drawn for a lipid panel and hormone levels at every clinic visit and at 12 weeks for isoflavone levels and routine chemistry.
Statistical methods
Data from the placebo arms of the previous hot flash studies indicated that differences in hot flash activity between baseline and the end of the treatment period had an SD of two hot flashes and five score units per patient per day. 7 The sample size of 50 women per group provided 80% power to detect differences in average hot flash activity of 0.58 SD via a standard two-sample t test using a two-sided type I error rate of 5%. Hence, 50 women with complete data per treatment arm provide 80% power to detect an average shift of 1.2 hot flashes per day or a hot flash score of three units per day. For the generation of the randomization list, a permuted block algorithm for the three treatments in a 1:1:1 ratio was used. Stratification was not used in this study. Study supplement bottles had unique numbers to allow double-blind dispensing.
The primary measure of efficacy was the percentage of change in hot flash frequency recorded in daily diaries. for personal computers were used for statistical analysis. The analysis for the percentage of change in hot flashes was based on the two-way fixed-effect analysis of variance model. Repeated-measures analysis was performed to determine whether there was a significant treatment effect of the reduction in hot flash frequency over time. Correlations between changes in hot flash frequency and score and serum isoflavone levels were studied by linear regression. Data are presented as mean T SD. A P value less than 0.05 was considered significant.
RESULTS
The demographic characteristics of the women enrolled in the study are summarized in Table 1 . A total of 147 women completed 12 weeks of supplementation. At baseline there were no significant differences among women in body mass index or hot flash activity. The main reason for withdrawal from the study was that the women were either unable to comply with the study protocol or were lost to follow-up (n = 30). Eight women withdrew because they started taking medications or other supplements that might affect hot flashes (including HT, selective serotonin reuptake inhibitors, and vitamin E). Two women resumed their menses after randomization and were withdrawn from the study. Two women were randomized but then withdrawn early because of abnormal findings on baseline liver function tests. Two women in the 60-mg DRI group discontinued supplement use because of gastrointestinal side effects (one stomach upset and one diarrhea). Five women did not complete their hot flash diaries and were also excluded from analysis. A total of 142 women had analyzable data. Of those who completed the study, 119 were postmenopausal and 28 women were perimenopausal. Sixty-three women had previous exposure to HT with the average time between last HT use and time of enrollment in the study of 1.5 years. Women who did not complete the study were younger than those who completed the study (51.0 T 4.8 vs 53.5 T 5.2 y; P = 0.002). However, there were no differences in terms of body mass index, number of years after menopause, previous use of HT, or baseline hot flash activity between women who completed or did not complete the study.
Our results showed that 12-week supplementation with a DRI significantly reduced hot flash frequency. Hot flash frequency decreased by 43% in the 40-mg DRI group and by 41% in the 60-mg DRI group at 8 weeks, compared with 32% in the placebo group (P = not significant). At 12 weeks 40 and 60 mg of DRI produced 52% and 51%, respectively, reductions in hot flash frequency, compared with 39% in the placebo group (P = 0.07 and 0.09) ( Fig. 1) . When comparing the two treatment groups together as one group (DRI supplement) against placebo, there were significant reductions in mean daily hot flash frequency. The supplement reduced hot flash frequency by 43% at 8 weeks (P = 0.1) and 52% at 12 weeks (P = 0.048). When perimenopausal and menopausal women were analyzed separately, we did not find significant differences between the treatment groups and placebo. This is probably due to small sample sizes. Menopausal quality of life as measured by the Menopause Quality of Life summary score showed that women reported significant decreases of menopausal symptoms from baseline in all three groups, but there were no statistically significant differences between groups. All women reported no major side effects. The main side effects of the DRI were gastrointestinal in nature, including stomach upset (one woman), constipation (two women), flatulence (two women), and diarrhea (one woman), although only two women on 60 mg of DRI withdrew from the study because of gastrointestinal side effects. Serum chemistry levels, including liver function tests, fasting blood glucose levels, electrolytes, blood urea nitrogen, creatinine, and complete blood counts, were all within normal limits at the end of the study.
To assess the effect of isoflavone supplementation on cardiovascular risk profiles, fasting blood glucose, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, blood pressure, and body weight were analyzed. During 12 weeks of supplement use, women had no statistically significant changes in their blood pressure, body weight, or lipid, glucose, leptin, or insulin levels as compared with the control group (Tables 2  and 3 ).
The DRI supplement did not produce any significant changes in endogenous sex hormone levels compared with the placebo. There were also no changes in serum thyroidstimulating hormone, free thyroxine, free triiodothyronine, total thyroxine, total triiodothyronine, or thyroglobulin level with the supplements. The data for the hormone levels are summarized in Table 3 .
Serum isoflavone levels at the beginning of the study were similarly low among the three treatment groups. At the end of the study, serum daidzein, glycetein, and equol, but not genistein, significantly increased in the 40-and 60-mg DRI groups compared with the control group (Table 4 ).
There were no correlations between either the changes in hot flash frequency or hot flash score at the end of the study and serum levels of daidzein or equol (data not shown).
DISCUSSION
This study observed that in postmenopausal women with hot flashes, dietary supplementation with 40 to 60 mg of DRI per day significantly decreased hot flash frequency. Hot flash frequency was reduced by 43% to 52% at 8 to 12 weeks with the supplement, compared with a 32% to 39% change in the placebo group. Although there was only a trend toward an improvement with supplements when analyzing the three groups separately in this study, the two treatment groups combined produced slightly better improvement in hot flash symptoms than did the placebo. The degree of improvement with the DRI supplement is similar to that of the selective serotonin reuptake inhibitor/serotonin and norepinephrine reuptake inhibitor treatment family (50%-60%) but without their significant side effects. 10 We also saw a similar improvement in menopausal quality of life in the two treatment groups; however, the sample size was insufficient to detect a statistically significant difference in this secondary outcome.
Functionally, isoflavones can exert both estrogenic and antiestrogenic effects depending on their concentration, target tissue, receptor status of the tissue, and the level of endogenous estrogen. The structure of the isoflavone molecule resembles that of many estrogenic and antiestrogenic compounds, including 17A-estradiol and tamoxifen. Daidzein has been found to have both weak estrogenic and weak antiestrogenic effects. In vivo its estrogenic activity is the lowest of the soy isoflavones, but its metabolite equol can also exert estrogenic activity. 11 Other effects of isoflavones include effects on adenosine triphosphatase, glucose transport, and a variety of ion transport systems; antioxidant effects on lipids, lipoprotein, and DNA; and specific actions on protein synthesis, cell proliferation, and cell differentiation.
Isoflavones are biotransformed extensively in the intestine by the action of bacterial enzymes. The extent of intestinal bacterial metabolism influences the bioavailability of isoflavones and therefore their potential for physiologic effects, although the degree of influence varies among individuals. In soybeans, genistein and daidzein are present as Aglycosides, which are inactive forms of isoflavones. When consumed they undergo metabolic conversion in the intestine whereby a sugar molecule is removed from each, and conversion to metabolically active aglycones occurs. After the conversion approximately one third of aglycones are absorbed as free isoflavones, and two thirds undergo further metabolism by intestinal flora and are converted to isoflavone metabolites such as equol and p-ethylphenol, which are then absorbed into the bloodstream. Both intact and metabolized isoflavones freely circulate in the blood and are excreted in the urine within 24 hours. 12 Previous randomized controlled clinical trials of isoflavone supplementation in women with no history of breast cancer that lasted more than 6 weeks have shown either no improvement or a slight reduction in hot flashes in women who consumed soy or isoflavones compared with control women. A randomized, controlled trial of 104 postmenopausal Italian women with severe hot flashes showed that 76 mg/day of soy isoflavones was superior to placebo in reducing the mean number of hot flashes per 24 hours after 4, 8, and 12 weeks of treatment (45% vs 30% at 12 wk). Gastrointestinal side effects (constipation and food intolerance) were the most common causes of premature withdrawal from the study (seven women in each group). 13 In another placebo-controlled trial of 80 postmenopausal women, menopausal symptoms assessed by the Kupperman index significantly improved with 100 mg/day of isoflavone (70% genistein, 19% daidzein, and 11% glycitein) supplementation for 4 months compared with the placebo. In that study, however, hot flash frequency decreased only from 11.3 T 0.3 to 8.2 T 0.5 per day in the isoflavone group, compared with 10.4 T 0.4 to 9.9 T 0.4 per day in the placebo group. 14 In a 3-month study of oral and transdermal isoflavones, a dose-dependent effect of transdermal but not oral isoflavones was seen. Both forms were more effective than placebo in attenuating mild to moderate hot flashes and other menopausal symptoms. 15 In contrast, a recent study found that soy isoflavones were effective in reducing hot flashes only when combined with a supplement of polyunsaturated fatty acids. 16 A recent meta-analysis of 17 randomized clinical studies on isoflavone supplementation and hot flash frequency found statistically significant results, 17 whereas another earlier published meta-analysis of 17 randomized isoflavone trials showed no reduction in hot flashes for red clover isoflavones and inconsistent results for soy isoflavones. 18 Another recent analysis of 11 studies found that studies using predominantly genistein compositions showed benefit, whereas predominantly daidzein compositions generally did not. 19 However, two other previous randomized, controlled studies using daidzein-rich isoflavone extracted from soy germ were conducted in Brazil and in Japan, and both studies showed significant improvement in hot flashes compared with placebo. 11, 20 The effort to determine the effects of isoflavones is complicated by the variety of different soy foods and an absence of standardized nomenclature. 21 For instance, the chemical methods used to isolate isoflavones (eg, ethanol extraction) may alter their physiologic effects. In addition, striking compositional differences are found between types of soy foods commonly used in Southeast Asia and those used in Western countries. In the United States soy has been used mostly for the production of vegetable oils, whereas in Southeast Asia many of the soy foods used are fermented; the microorganisms used in their preparation are capable of hydrolyzing the inactive isoflavone glycosides to active isoflavone aglycones. These differences may be important with regard to metabolism and bioavailability. 22 There is also considerable interindividual variation in gut bacterial metabolism of isoflavones, which could further contribute to inconsistencies. 23, 24 In contrast to isoflavone products used in other studies, the supplement used in this study is a DRI. This is a standardized, concentrated isoflavone ingredient made by extracting the isoflavones from soy germ fermented with Koji fungus, which transforms the glycoside isoflavones in the soy germ to aglycone isoflavones. In the United States this isoflavone extract is available as an over-the-counter dietary supplement under the trade name Effisoy. Koji is a microorganism that possesses numerous enzymes, and soy germ contains other physiologically active components besides isoflavones, such as saponins. It is possible that the functionality of numerous components in soy germ are improved by the collective enzymatic breakdown during the fermentation stage and that such physiologically active components are captured in the supplement during the isoflavone extraction and concentration process. In our study it is possible that the fermentation process, along with the higher concentration of daidzein relative to other isoflavone supplements, accounted for the efficacy of the supplement. Starting with the aglycone form may have eliminated some of the inconsistency related to interindividual variation in gut bacterial metabolism of isoflavones. Previous studies have also shown that the aglycone form may lead to faster and greater absorption of isoflavones than their glycoside counterpart. 25, 26 In agreement with other studies, we found no significant changes in endogenous sex hormone levels. We also found no association between hot flash frequency or severity and serum isoflavone levels. A previous clinical trial similarly reported that the increase in blood or urine phytoestrogen levels in the soy supplement group did not correlate with fewer hot flashes. 27 This is probably due in part to large interindividual and intraindividual variations of isoflavone levels; additionally, there may be other ways that isoflavones affect hot flashes.
Soy consumption has been linked to the development of goiter, an effect independent of estrogenicity. 28 Soy antithyroid effects have been shown to increase in people with iodine deficiency, whereas iodine supplementation is protective. In our study we found no effects of isoflavone supplementation on thyroid function tests. This is not surprising because iodine intake is usually sufficient among women in the United States. Additionally, the supplement used in this study contains mainly daidzein, whereas the studies that demonstrated decreased activity of rat and human thyroid peroxidase in vitro had focused on genisteinfortified diets.
Previous animal studies 29 and clinical trials 30 have demonstrated the beneficial effects of soy protein on plasma cholesterol levels. However, an analysis of recent randomized controlled trials showed soy protein with isoflavone supplement (average 50 g/d) was associated with a very small reduction in low-density lipoprotein cholesterol (mean 3%) with no change in high-density lipoprotein cholesterol, triglycerides, lipoprotein (a), and blood pressure. 31 In our study we did not find any significant changes in serum cholesterol, other lipids, blood pressure, or body weight.
There were some limitations to this study. The washout period for the supplement or medication treatment of hot flashes of 6 weeks may not have been enough. However, most of the women had never used HT in the past or had stopped HT for more than 6 months before enrollment in the study. A high dropout rate (fewer than 50 women per group completed the study) may also have led to underestimation of the efficacy and side effects of the supplement. Last, the inclusion of both perimenopausal and postmenopausal women in the study might have affected our results because hot flashes tend to improve over time even without treatment. Although there were no significant differences between the supplement groups and the control group when perimenopausal and postmenopausal women were analyzed separately, this similarity may be the result of the small sample size.
CONCLUSION
In conclusion, this study suggests that DRI supplements may be an effective alternative treatment for menopausal hot flashes. The supplements do not have any effect on endogenous sex hormones, thyroid hormones, or lipid levels.
